Aluminum (Al) contained in acidic soil could become an obstacle for plant growth. The Al toxicity could inhibit root growth, water and nutrient absorption. One of the solution to overcome Al toxicity was by applying Silica (Si). The aim of this research was to study the impacts of Al to the growth activity of oil palm and to know the effects of Si to the growth activity of oil palm contaminated by Al. The factorial treatments were arranged in a complete random design with two factors. The first factor was Al toxicity, i.e. with and without Al, while the second factor was the application of Si that consisted of four levels (0, 32, 64, 96 gram per plant). some of variables included leaf area ratio (LAR), leaf area, net assimilation rate (NAR), relative growth ratio (RGR), plant height, and plant dry weight were observed. The result showed that Al toxicity decreased the LAR, leaf area, NAR, RGR, plant height, and plant dry weight. The application of Si 32 gram per plant increased leaf area ratio and was not significantly different from the application of 96 gram Si per plant. However, the application of Si to oil palm contaminated with Al did not affect to relative grow rate, but its application to normal plant would increase the relative growth ratio.
INTRODUCTION
In Indonesia, oil palm becomes a main commodity of plantation product and the biggest foreign exchange. The efforts to increase the production are done by plantation expansion and intensification. The expansion of oil palm plantation is done for lower productivity plantation, namely marginal land, but it is potentially to be regenerated via agronomic management. Indonesia has wide acidic soil area (Liao et al., 2006) which is also potential to be used as productive agricultural land, yet those lands contain Aluminum (Al) toxicity, nitrogen (N), potassium (K), calcium (Ca), magnesium (Mg), and other essential micro nutrients.
Al is an abundant metal on earth surface which can potentially decrease the productivity of crops in acidic soil (Panda and Matsumoto, 2007) . The dominant Al in acidic soil inhibits root growth, damages the root tip cells (Ryan et al., 1993; Kochian, 1995; Brunner and Sperisen, 2013) , the absorption of essential nutrients, and cell division (Marschner, 1992 : Hanum et al., 2007 . Inhibited cell division of plant is caused by the Al toxicity on the cell wall and it disrupts mitotic activity.
Si is known as the substance that can resolve abiotic and biotic toxicity (Meena et al., 2013) . The application of Silica on soil can increase the availability of P and decrease the activity of toxic metal such as Al (Yukamgo and Yuwono, 2007) . The mechanisms of Si in decreasing the effects of Al toxicity are a) Si induction can increase Ph solvent, b) reducing the availability aluminum, or c) as the detoxification in plant (Pontigo, 2015) .
Growth is defined as a cell division (the increasing of cell amount) and cell enlargement (the increasing of cell size). This process requires synthesise of protein and an irreversible process. An approach towards the analysed factors affect crop yields and the analysis of plant development as net accumulation of photosynthesis is integrated to the time, or is called as growth analysis (Gardner et. al., 1991) .
This research aimed to study the impacts of Al to the growth activity of oil palm; and to know the effects of Si to oil palm growth activity exposed by Al toxicity. This research was conducted using a simulation of oil palm in main nursery phase. Planting media as environment condition is adapted into mineral acid soil. The response of the grown oil palm toward Al toxicity is also represented in the response of the seed phase. The research aimed to identify the respone of Al toxicity and application of Si as amelioration to changing patterns of the oil palm growth.
MATERIALS AND METHODS
This research was conducted on February to June 2015 in Bendosari, Madurejo, Prambanan, Sleman, D.I Yogyakarta. The materials were main nursery phase of oil palm seed, NPK fertiliser, (15:15:15), regosol soil, Aluminum Sulphate with Al2O3 content ≥ 17% and silica fertiliser (SiO2 30-32%). Polybag, hoe, ruler, oven, leaf area meter, and an analytical balance were used as tools. The experiment was arranged in a complete random design with two factors. The first factor was the Al toxicity exposure, w ith or w ithou t th e application of 300 ppm Al toxicity. The second factor was the application of Si which consisted of four levels, i.e. 0, 32, 64, and 96 gram per plant. Si was applied to one month old of main nursery plant which had been moved from pre-nursery by sowing on circle line with diameter from the rod around 10 cm, then buried with the soil. Al toxicity treatment was applied after one month by watering the oil palm seed everyday with Aluminum Sulphate solvent 300 ppm, volume 500 mL per day.
Some variables included leaf area ratio (LAR), leaf area, net assimilation rate (NAR), relative growth rate (RGR), height of plant, plant dry weight were observed in this research. The variable calculation formulas for LAR, NAR, and RGR were as follows:
a. Leaf Area Ratio (LAR) b. Net Assimilation Growth (NAR) c. Relative Growth Ratio (RGR)
Note: La = leaf area, T = age of seedlings, W = plant dry weight, 1, 2 = 1 st taken sample (taken one month after the treatment of Al) and 2 nd taken sample (taken when the plants show the signs of being exposed of Al).
The plant height was measured by ruler and leaf area was measured by leaf area meter. For measuring dry weight, sample was dried in the oven at 65 o C until it reached a constant weight. The plant height was measured once a week, whereas leaf area and dry weight were measured after oil palm was exposed to Al toxicity. The obtained data were analysed using analysis of variance (ANOVA) at 5% of significant level, and if the result of the analysis showed a significant difference between treatments, the analysis was continued using Duncan (DMRT).
RESULT AND DISCUSSION
Based on the analysis of variance, the Al toxicity and the application of Si did not showed significant differences (Table 1) . Aluminum toxicity 300 ppm decreased leaf area ratio (LAR) of oil palm for 44.60 dm 2 g -1
. Application of 32 gram per plant Si increased LAR, but the result was not different compared with the application of 96 gram Si per plant. LAR described the plant ability to form leaves.
Leaves were important organ of plant growth. In leaves, chlorophyll pigments used to help the process of photosynthesis. Ai (2012) mentioned that photosynthesis was a process of carbohydrate synthesis from inorganic materials (CO2 and H2O) by the help of the sun light on pigment plant. The result of the photosynthesis process was carbohydrate which was used to produce energy for plants. The energy produced by photosynthesis process would help the growth activity and plant development.
Leaf area was an indicator for growth activity in oil palm. Larger leaves absorbed light better than narrow leaves. The more oil palm leaves could absorbed the sun light, the faster photosynthesis process could happen (Gardner, 1991) . ) and the application of Si did not affect leaf area.
Al toxicity inhibited root growth and the absorption of nutrients and water by plants (Marschner, 2012) . Aluminum contained in plant inhibited root growth, (Silva, 2012) . Gergichevich et al. (2010) stated that Al toxicity caused an increase in ROS synthesise which led to an oxidative stress. Oxidative stress could disrupt root, chloroplasts, and photosynthesis process. The disruption of root growth was followed by the inhibition of nutrient and water absorption, which led to a nutrient deficiency. Long term nutrient deficiency inhibited leaf growth and caused smaller and shrinking leaves.
A1 toxicity (300 ppm) could decrease the net assimilation rate (NAR) for 0.001 mg dm -2 day -1 , whereas the application of Si did not affect net assimilation rate (Table 3) . Based on Table 4 , an interaction was found between Al toxicity and the application of Si. Al toxicity caused a decrease in relative growth rate (RGR). The application of Si did not affect oil palms exposed to Al toxicity, but the application of Si to normal oil palms (control plants) could increase the relative growth rate (RGR). The decreasing of leaf area ratio (LAR) was followed by the decreasing of LAB (r=0.55) and RGR (r= 0.70).
RGR was the plant ability to produce dry materials from the assimilation result per unit area per unit time. The analysis result showed a positive correlation between NAR and RGR (r=0.97). The increasing NAR for a long term was followed by the increasing of RGR, and so forth. NAR also showed a positive correlation with leaf area (r=0.68) and plant dry weight (r=0.78). The increasing of leaf area was also followed by the increasing of NAR, which then brought the plant growth and development of oil palm. So it would increase the production of dry material which was indicated by the increasing of plant dry weight. Figure 1 showed that in 13 th week observation, the plant height of oil palm which not exposed by Al toxicity was higher (113.10 cm) than oil palm plant which exposed by Al toxicity (94. 70 cm). Figure 2 showed the plant height from control (without Si application) was higher than the plant with application of 32 gram Si/plant. In the 13 th week observation, oil palm without application of Si fertiliser reached 113.1 cm in height, whereas oil palm with the application of 32 gram per plant Si fertiliser reached 97.4 cm in height. Based on analysis of variance, plant height showed an inhibitation after it was exposed to Al toxicity, yet the application of Si did not affect the plant height (Table 5. ).
The correlation analysis result showed that leaf area had positive correlation with plant height (r=0.83) and plant dry weight (r = 0.79). The increase in leaf area causedan increase in plant dry weight. High plant dry weight contained good assimilates which helped substrate cellular respiration. Sufficient amount of assimilates could boost maximum respiration in meristematic cells, then cells in meristematic zone would increase and grow bigger, so that they affected the plant growth. In addition, the increasing in oil palm leaf area could also increase the dry weight and plant height.
Plant dry weight illustrated the accumulation of organic compounds which were synthesised from inorganic compounds by oil palm (Lakitan, 1993) . The dry weight was formed from assimilation process of CO2 during plant growth (Gardner, 1991) . Al toxicity made the plant dry weight lower to 80.91 gram (Table 6 ). This result was consistent with the research conducted by Baligar and Fageria (2005) in cocoa plant that showed the increasing of Al toxicity saturation impacted on the decreasing of dry weight and root, plant height, root length, relative growth ratio, and net assimilation rate.
There was a correlation found in leaf area, NAR, Remarks: The numbers followed by the same letter in the column and row were not significantly different according to DMRT α 0.05, (-) no interaction was found between treatments
